Procollagen propeptide serum levels reflect the rate of collagen production. Because the prenatal period is unrivaled in terms of relative amounts of collagen synthesized per unit of time, this life episode must be the most sensitive period for the study of these biochemical markers of growth variability. N-terminal propeptide of type 111 procollagen (PIIINP) concentration was measured by two different methods (Fabl-fragment and whole antibodybased RIA assay) on paired samples of cord serum and amniotic fluid from a study cohort of 602 perinates with gestational age ranging from 20 to 41 wk. The aim of this study is to assess the clinical usefulness of the PIIINP assay for the evaluation of fetal somatic growth variation during the second half of normal pregnancies. It was demonstrated that the PIIINP level in cord serum, as well as in amniotic fluid, reflects age-related growth activity in "healthy" fetuses (n = 504) with normal intrauterine growth. This reflection was independent of the cumulative body mass or length Because collagen is the main structural component of connective tissue, its generation must be a prerequisite for somatic growth (1). Earlier findings indicated a close relation between urinary excretion of hydroxyproline (a major amino acid constituent of collagen molecules) and growth rate throughout childhood (2).
Procollagen propeptide serum levels reflect the rate of collagen production. Because the prenatal period is unrivaled in terms of relative amounts of collagen synthesized per unit of time, this life episode must be the most sensitive period for the study of these biochemical markers of growth variability. N-terminal propeptide of type 111 procollagen (PIIINP) concentration was measured by two different methods (Fabl-fragment and whole antibodybased RIA assay) on paired samples of cord serum and amniotic fluid from a study cohort of 602 perinates with gestational age ranging from 20 to 41 wk. The aim of this study is to assess the clinical usefulness of the PIIINP assay for the evaluation of fetal somatic growth variation during the second half of normal pregnancies. It was demonstrated that the PIIINP level in cord serum, as well as in amniotic fluid, reflects age-related growth activity in "healthy" fetuses (n = 504) with normal intrauterine growth. This reflection was independent of the cumulative body mass or length Because collagen is the main structural component of connective tissue, its generation must be a prerequisite for somatic growth (1). Earlier findings indicated a close relation between urinary excretion of hydroxyproline (a major amino acid constituent of collagen molecules) and growth rate throughout childhood (2) .
Collagen type 111, the most abundant protein in the extracellular matrix, is synthesized in the cell as procollagen I11 (1). After its secretion, the aminoterminal and carboxyterminal propeptides are cleaved off by specific peptidases and released into the serum (3) . Their amount is in a stoichiometric relationship to the number of col-already attained at the time of investigation. The PIIINP concentration closely mirrors the shape of the fetal somatic growth velocity curve, expressed as weight-specific gain (gkgld) during the second half of pregnancy. It can be concluded that PIIINP level in cord blood or amniotic fluid of fetuses with normal intrauterine growth is an interesting parameter for the assessment of maturity-related fetal growth potential. Abbreviations PIIINP, N-terminal propeptide of type 111 procollagen OFC, occipitofrontal circumference ABB, antibody-based RIA for PIIINP recognizing predominantly the intact propeptide (Col 1-3) FAB, RIA for PIIINP using Fab' antibody fragments that are equally reactive with Col 1-3 and Col 1 fragments AGA, appropriate for gestational age r,, Spearman rank correlation coefficient lagen molecules formed and therefore reflects the rate of collagen synthesis.
During childhood, the serum concentration of PIIINP is tightly correlated with growth velocity. It closely mirrors the shape of the separate growth velocity curves in boys and girls (4-10).
The most rapid rate of somatic growth in humans occurs during fetal life. This episode is unrivaled in terms of relative amounts of collagen synthesized per unit of time (1 1). Physiologic growth, in the early fetus as well as in the postnatal human governed ultimately by his or her genetic constitution, is temporarily interfered with during late gestation by the limits imposed by uteroplacental anatomy and function (12). At that time, hormones are assigned a rather more restricted role of mediating the effects of substrate availability (13, 14) . Because of these factors, there is a considerable variation in growth rate in the late gestation fetus in comparison with the growth rate in the first-trimester organism. Therefore, the late prenatal period is the most sensitive period for the study of biochemical indicators of growth variability.
The aim of the present study is to assess the clinical usefulness of the PIIINP assay in cord serum and in amniotic fluid for the objective evaluation of fetal growth variation during the second half of normally evolving pregnancies.
METHODS
Subjects. PIIINP concentrations were measured in cord serum, amniotic fluid, or both in a cohort of 602 newborn infants. The following perinatal data were registered on a computer database file before sample analysis: gravidity and parity, maternal age, maternal weight and weight gain, maternal length, maternal illnesses and pregnancy complications, placental weight, induction of labor, mode of delivery, infant's presentation, acid-base balance data in cord blood, Apgar scores, infant sex, plurality, birth rank, birth weight, length and OFC, major congenital anomalies, neonatal diseases, and in-hospital mortality. Gestational age was calculated as completed weeks after the mother's last menstrual period. Considered adequate for registration and further analysis were only those files in which the mother's dates were fully ascertainable or ultrasound confirmation of pregnancy before the 20th wk was available. Gestational age ranged from 20 to 41 wk (mean k SD, 35.5 k 4.2 wk) and birth weight from 244 to 4700 g (2536 2 945 g). Thirty-eight percent of the infants were born from primigravida and 42% from primiparous women. Seventy-six percent of the children were born vaginally and the remaining 143 by cesarean section. There were 329 boys and 273 (45%) girls. One hundred thirty-six neonates belonged to multiple births (98 offspring in twin pregnancies, 31 in 11 triplets, and seven in two sets of quadruplets). Among the 602 newborns, 98 were classified as small-for-gestationalage infants because their birth weight was below the 10th percentile (matched for sex and parity) according to the Dutch data on intrauterine growth (15) . These growthretarded infants were not further considered in the present part of our studies on PIIINP in newborn infants. In the group of AGA infants (n = 504), 45.6% were born after a pregnancy of less than 37 completed weeks. Thirty-seven neonates (6.1%) died during the hospital stay, 31 among them during the first week of life. Forty-six infants had major congenital anomalies.
This study was carried out in the Children's Hospital, University of Gent, and it was approved by the ethical committee. Informed consent was obtained from the parents before they participated in the study.
Samples. Blood was collected from the cord or obtained within 12 h after birth by venipuncture or umbilical artery catheter. Serum samples were stored at -20°C until assay. Amniotic fluid was collected by transmembranous aspiration during cesarean section or by transcervical aspiration through unruptured membranes during vaginal delivery. Meconium-stained or blood-containing amniotic fluid as well as those specimens originating from pregnancies complicated by premature rupture of membranes or chorioamnionitis were excluded. All samples were collected at the time of birth. No sample of amniotic fluid was obtained by a diagnostic amniocentesis procedure. After immediate centrifugation (2000 rpm, 10 min), the clear supernatant was stored at -20°C until the time of assay.
Biochemical methods. PIIINP concentration was measured in duplicate by a research version of the PIIINP assay (16) . Monovalent Fab' antibody fragments are used instead of the antiserum (Behringwerke AG, Marburg, Germany). The intact aminoterminal propeptide (Col 1-3) and the monomeric Col 1 fragment are equally reactive with the antibodies. The intra-and interassay coefficients of variation for the FAB assay were 4.0 and 6.2%, respectively.
PIIINP concentration was also measured by a commercially available antibody-based RIA (RIAgnost P-111-P, Behringwerke AG) that recognizes predominantly the intact propeptide (Col 1-3). This regular ABB assay using complete antibodies has only a weak affinity (1/10) for the Col 1 fragments (17) . The concentrations of serial dilutions (in duplicate) were determined using the 50% intercept method. The intraassay variation for the ABB assay on cord serum and amniotic fluid was 4.1 and 3.8%, respectively. The corresponding interassay variation coefficients were 6.3 and 5.8%.
Six hundred two cord serum samples were assayed by the FAB assay, and 114 of them were reassayed by the regular ABB test. Three hundred three amniotic fluid specimens were assayed by the ABB assay, and 96 were reassayed by the research FAB test.
Statistical methods. Correlations between PIIINP levels and auxanologic data were evaluated by Spearman rank correlation analysis (18) . A multivariate regression analysis was used to define those variables exerting influence independent of others. This procedure also allowed the calculation of the relative importance of the individual variables for predicting the PIIINP concentration in serum or amniotic fluid from the newborns in this study. The Mann-Whitney U test was used for comparing prognostic groups. The results were considered significant when the p value was less than 0.05.
RESULTS

Cord Serum PIIINP Levels of AGA Infants
FAB assay (n = 504). Linear regression analysis showed a highly significant negative correlation (p < 0.0001) of the PIIINP serum level with gestational age (r, = -0.95) and birth weight (r, = -0.81). Similar results were obtained for birth length, OFC, placental weight, and ponderal index (Table 1) .
Ninety-two percent of the PIIINP serum level variability in AGA infants may be explained by only two of the variables, gestational age and OFC, as shown by step- . When PIIINP levels were plotted separately for groups of extremely preterm, preterm, and term infants, the resulting correlation coefficients (r,) with corresponding birth weights were no longer significant, large variations in body weight notwithstanding (Table 2) . Maternal stature (p = 0.53) and body weight at the start of pregnancy (p = 0.87) did not show any correlation with the serum PIIINP level in the full-term AGA offspring (n = 262). Neither was there any correlation with maternal weight gain in pregnancies proceeding to term (n = 274: r, = 0.06, p = 0.25).
The PIIINP level of 109 multiple-birth infants was not significantly ( p = 0.1) different from that in single-birth infants matched for fetal lifetime. Moreover, neither birth order @ = 0.33) nor zygosity (12 complete monozygotic and 22 dizygotic twin pairs) (p = 0.82) made any difference in the corresponding PIIINP levels.
Tocolytic therapy was administered in 114 pregnancies. The AGA offspring had no significantly different PIIINP serum levels in comparison with the concentrations of age-matched neonates not submitted to prenatal tocolytic drugs (n = 390).
Gravidity, parity @ = 0.96), mode of delivery (vaginal or cesarean section, p = 0.78), induction of labor (p = 0.09), and infant's presentation (vertex or breech, p = 0.73) were not associated or were insignificantly associated with an altered propeptide serum value.
Perinatal asphyxia, defined as an Apgar score less than 6 at 5 min or a pH in arterial cord blood below 7.2, did not The PIIINP serum concentration in male AGA neonates (n = 282) was significantly higher @ < 0.005) than that in female AGA infants (n = 222). Statistical difference between sexes was present @ < 0.05) also if only term infants were considered (n = 135 males and 145 females). The difference of the mean PIIINP value corresponded well with the percent difference (4%) in mean body weight of the male and female infants, although in both age-matched groups separately, covariance analysis of PIIINP with birth weight was still shown to be irrelevant (p = 0.27).
Relationship between FAB and ABB assay PZZZNP levels. One hundred fourteen cord serum samples from our newborn registration file (n = 602) were reassayed by the regular ABB test. A highly significant correlation between FAB and ABB levels of PIIINP was found in cord serum (r, = 0.82, p < 0.0001).
Linear regression analysis for the ABB level in cord serum with gestational age (n = 102) as an independent variable showed a highly significant negative correlation (r, = -0 . 9 3 ,~ < 0.0001) as strong as that found earlier for cord serum FAB levels in AGA neonates (r, = -0.95, p < 0.0001) (Fig. 1) .
Percentile churt for cord serum PZZZNP levels. The large number of data collected and used in the study of multiple potentially influencing variables allows the proposal of a percentile chart of FAB assay PIIINP cord serum concentration in AGA infants with gestational age ranging from 25 to 41 wk (Fig. 2 ). Covariance analysis with gestational age for PIIINP level collected in cord blood (n = 463) and with blood specimens collected on day 1 during the first 12 h (n = 139) did not show any difference, allowing the admixture of both series of values on the same graph.
Amniotic Fluid PIIINP Levels of AGA Infants
ABB assay (n = 268). Linear regression analysis showed a highly significant (p < 0.0001) negative correlation of amniotic fluid PIIINP level with gestational age (r, = -0.76) and birth weight (r, = -0.66) but also with other anthropometric data studied (Table 1) .
Multivariate regression analysis showed that mainly gestational age (F ratio = 847.6), independent of the other variables, could account for the amniotic fluid PIIINP level variability (p < 0.0001).
The correlation coefficient of the amniotic fluid PIIINP level with birth weight was no longer significant when age-matched full-term AGA-infants (n = 159) were considered separately, irrespective of very large variations in body weight (or length) within the group. This result applied also to premature (n = 37) and extremely premature (n = 41) AGA infants (gestational age 33 to 36 and 29 to 32 weeks, respectively). Sex, multiple birth, birth rank, and zygosity (for twins in diamniotic fluid compartments) did not influence the amniotic propeptide levels.
Propeptide concentration in amniotic fluid samples (n = 10) collected during cesarean section of full-term AGA infants was not statistically different from the value of specimens (n = 159) collected transcervically during vaginal deliveries of age-matched AGA neonates (p = 0.47).
Relationship between ABB and FAB assay PZZZNP levels. Ninety amniotic fluid samples from our file (n = 303) were reassayed by the FAB assay. The FAB value ranged from 141 to 8020 kg/L (mean 2293.5 bg/L) and the ABB level from 4.4 to 145 kg/L (mean 43.28 &L), resulting in an average ratio of 50 to 1. There was a very strong positive correlation between the two series of values (r, = 0.94, p < 0.0001) (Fig. 3) .
Percentile chart for amniotic fluid PZZZNP levels. A smoothed 10th-to 90th-percentile chart for ABB assay PIIINP values in amniotic fluid of AGA fetuses divided into 2-wk periods ranging from 27 to 42 wk was constructed (Fig. 4) .
Crossover interrelationship between both assays in paired samples of cord serum and amnioticfluid. Paired samples of cord serum and amniotic fluid from 96 newborn infants were both tested by the FAB assay and compared by linear regression analysis. A relatively weak, albeit significant, correlation was found (r, = 0.70, p < 0.001).
Three hundred three cord serum specimens assayed by the FAB test could be equated to paired amniotic fluid samples probed for PIIINP by the ABB assay (Fig. 5) . The ABB test values for PIIINP ranged from 4 to 145 pg/L (mean 35.12 k 33.46 kg/L). A significant positive correlation between the cord serum FAB assay PIIINP value and paired amniotic fluid ABB assay PIIINP level was found (r, = 0.76, p < 0.0001).
DISCUSSION
At the outset of the study, it was presumed that in newborn infants in general, and even more so in prematurely born infants, it would be necessary to use a modified RIA for PIIINP to offer good quantitative accuracy. Our initial deliberate choice for the research FAB assay, which measures the intact propeptide as well as its degradation products, was supported by earlier biochemical studies. They showed that, using the unmodified antibodies, the inhibition curves of bovine or human purified Col 1-3 were not parallel to those obtained with serially diluted human sera or other human body fluids (such as amniotic fluid), precluding an adequate quantification of the propeptide (17, 19, 20) . This lack of parallelism indicated that not all the antigens in human fluids are totally identical with the ABB -asmy PlllNP amnlotlc fluid concentntlon ( mlcrognm~br ) Col 1-3 peptide, as shown by gel filtration analysis of human serum (17) . Therefore, assays that also measure the degraded forms (e.g. Col 1) were developed (16, 19) . The average ratio between Col 1-3 propeptide concentration and the Col 1 fragment determined by molecular sieve chromatography is about 1:4 in the serum of adults. McCullogh et al. (21) showed that this ratio decreases with increasing PIIINP values (as seen in newborn infants). The regular PIIINP RIA using complete antibodies has only a weak affinity (1110) for the monomeric Col 1 fragments (17) . Finally, from the data of Rhode e t al. (16) and the study of Keller et al. (22) , it was presumed that measurement of the PIIINP level in amniotic fluid by the conventional PIIINP RIA would be of low precision and sensitivity, because it was anticipated that mainly propeptide fragments would be present if originating from fetal urine (the major constituent of amniotic fluid in the late-gestation fetus), inasmuch as in adults proteolytic degradation apparently must precede the urinary excretion of the propeptide (16) . However, recent data from Danne e t al. (6) and Trivedi e t al. even in very young infants and also when measured by the regular whole-antibody PIIINP assay. They suggested that the standard assay would be even more sensitive in reflecting the growth process, because it is not dependent on its further catabolic fragmentation (4) . Therefore, correlation studies involving both assay methods (FAB and ABB) in cord serum as well as in amniotic fluid were performed to assess their crossover interrelationship and interchangeability for clinical research on fetal growth activity. The tightly interrelated FAB and ABB assay cord serum PIIINP levels both showed a highly significant negative correlation with gestational age in AGA infants. The on average seven times lower concentration of PIIINP measured by the ABB assay is in accordance with the data from other observers (6, 23) . The strong positive correlation between ABB assay and FAB assay PIIINP levels in amniotic fluid and the mean ratio of 1 5 0 for the ABB value compared with the FAB level is consistent with the known lower affinity of the ABB assay for Col 1 fragments (17) . It further supports the assumption that the propeptides in amniotic fluid mainly consist of their degraded forms, should their presence be dependent on fetal renal excretion. This remains to be proven, because we did not analyze the relative content of the different antigenic forms of PIIINP in our present study. From these crossover correlation studies, it may be concluded that, in spite of the theoretical objections mentioned earlier, both assays in the two biologic fluids, i.e. cord serum and amniotic fluid, apparently yield interchangeable results for the clinical evaluation of growth potential in the late gestation fetus. In the present study, it was further demonstrated that the PIIINP level in cord serum as well as in amniotic fluid reflects age-related growth activity in "healthy" AGA fetuses, independent of the cumulative body mass or length already attained at the time of investigation. No other biochemical test has been described with a similarly strong correlation to fetal lifetime. As has been demonstrated for subjects in later childhood in relation to linear growth velocity (4-lo), the PIIINP level in cord serum and in amniotic fluid closely mirrors the shape of the fetal somatic growth velocity curve, expressed as weight-specific gain (g/kg/d) (24) during the second half of pregnancy. In view of these results, it is important to appreciate that although the incremental weight gain ranges from 21 g/d for the normal fetus growing alongside the 10th percentile to about 31 g/d for the healthy 90th-percentile fetus, their growth velocity expressed as g/kg/d (weight-specific gain) is identical, slowing from 38 g/kg/d at 20 wk to approximately 10 g/kg/d at term (25).
Most other perinatal variables studied were, predictably in most instances, of no influence on the serum propeptide level. These perinatal parameters could not be further evaluated in the smaller series of amniotic fluid assay results, but because cord serum and amniotic fluid propeptide levels are so closely related, even when measured by two different biochemical methods, it can be postulated that features of pregnancy and maternal organism relate to amniotic fluid PIIINP level as they did in cord serum. Interestingly, the well-known sex difference in infant body weight at birth is also reflected by congruent significant differences in PIIINP levels. Thus, it appears that not only the somatic growth rate but also the rate of collagen synthesis is probably monitored by the amount of serum testosterone available in fetal life (26).
It can be concluded that the PIIINP level in cord blood or amniotic fluid of fetuses with normal intrauterine growth is an interesting parameter for the assessment of maturity-related fetal growth potential. 
